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@ Cable having superior resistance to flame spread and smoke evolution. 



@ A communications cable in which plastic ma- 
teria] which is disposed about each transmis- 
sion medium thereof is characterized by a 
relatively low dielectric constant The cable 
exhibits relatively low flame spread and low 
smoke generation whfle maintaining circuit in- 
tegrity through a fire retard ant composition 
which includes a mixture of an organic resin 
and first and second inorganic oxide con- 
stituents. The first inorganic oxide constituent 
is characterized by a melting point in the range 
of about 350 ° C. The second inorganic oxide 
constituent comprises a higher melting devit- 
rifying frit which begins to crystallize at about 
650 ° C. Advantageously, when the cable is 
exposed to high temperatures, the mixture of 
the first and second inorganic oxide con- 
stituents melts and forms a crusty layer which is 
interposed between the covering plastic ma- 
terial and other components of the cable. 
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Technical Field 

This invention relates to a cable having superior 
resistance to flame spread and smoke evolution. 

5 

Background of the Invention 

In the construction of many buildings, a finished 
ceiling, which is referred to as a drop ceiling, is 
spaced below a structural floor panel that is con- 10 
8tructed of concrete, for example. The drop ceiling 
supports light fixtures and other ceiling-mounted 
items, while the space between the ceiling and the 
structural floor from which it is suspended serves as 
a return-air-plenum for elements of heating and cod- is 
ing systems as well as a convenient location for the 
installation of communications, computer and alarm 
system cables. It is not uncommon for these plenums 
to be continuous throughout the length and width of 
each floor. 20 

When a fire occurs in an area between a floor and 
a drop ceDing thereabove, it may be contained by 
walls and other bunding elements which enclose that 
area. However, when and If the fire reaches the ple- 
num, and if flammable material occupies the plenum, 25 
the fire can spread quickly through an entire story of 
the building and smoke can be conveyed through the 
plenum to adjacent areas. The fire could travel along 
the length of communications cables which are instal- 
led in the plenum and which comprise a plurality of 30 
conductors individually insulated with plastic material 
and enclosed in a jacket comprising a plastic material. 

Because of the possibirty of such flame spread 
and smoke evolution, particularly when aided by 
flammable insulation of cables, the 1975 edition of 35 
the National Electric Code (NEC) prohibited the use 
of electrical cables in plenums unless they were en- 
closed in metal conduits. Because rigid metal con- 
duits are difficult to route in plenums congested with 
other items, a rearrangement of office telephones, 40 
which in some companies has almost become an an- 
nual event, is extremely expensive. However, the 
code permits certain exceptions to this cost prohibi- 
tive requirement For example, flame retardant, low 
smoke producing cables without metallic conduit are 45 
permitted provided that such cables are tested and 
approved by an authority such as the well known Un- 
derwriters Laboratories. 

Also, in buildings, cables are needed for use in ri- 
ser shafts. Such cables should not be too heavy, so 
otherwise, it may become difficult to pull long lengths 
over several stories. Acceptable riser cables also are 
governed by requirements set forth by the Underwrit- 
ers Laboratories. 

What is needed is a cable for use in buildings 55 
which is relatively inexpensive to manufacture, but 
which meets the NEC requirements for flame re tar- 
dance and smoke evolution, and which has excellent 



mechanical properties, particularly mechanical flexi- 
bility. 

In the marketplace, cable which comprises a core 
having a paper core wrap and enclosed in a relatively 
thick metallic shield is avaOable, but it is relatively in- 
flexible and somewhat difficult to maneuver in ple- 
nums. Moreover, care must be taken during installa- 
tion to guard against possible electrical shock which 
may be caused by the metallic sheath of the above- 
described cable engaging exposed electrical service 
wires or equipment in a plenum. Also, while the 
above-described cable meets flame spread require- 
ments of the code, the snugness with which the met- 
allic shield encloses the conductors prevents a char- 
ring of the conductor insulation that could effectively 
seal off a portion of the cable about the flame and re- 
duce the evolution of smoke. Ruoro polymer plastic 
material has been accepted as the covering material 
for plenum cable without the use of metal conduit, but 
it is relatively expensive and is difficult to process. 
Fire retardant polyvinyl chloride based materials are 
currently evolving as plenum grade materials, but typ- 
ically they have much higher dielectric constants than 
f luoropdymers used as insulation materials. 

One approach to the problems of flame spread 
and smoke evolution is to include a barrier layer in a 
cable. The prior art includes a cable having a barrier 
layer that is made of an inorganic, cellular material 
and that encloses the core, and a metallic barrier hav- 
ing longitudinal edge portions that form a seam. In or- 
der to be able to reflect radiant heat outwardly, an out- 
wardly facing major surface of the metallic barrier has 
an emissivity in the range of about 0.039 to 0.057. 
The metallic barrier is covered with an inner tape 
comprising a thermosetting material having at least 
translucent optical clarity and having a relatively low 
thermal diffusivity which in a preferred embodiment 
is in the range of about 0.0008 to 0.001 cm 2 /sec., and 
a second tape which is identical to the inner tape. The 
inner and the outer tapes are wrapped about the met- 
allic barrier to form overlapped seams which are 
sealed. Such a cable is disclosed in U.S. Pat No. 
4,284,842 which issued on August 18, 1981 in the 
names of C. J. Arroyo, N. J. Cogelia, and R. J. Darsey. 

Another disclosure of a barrier material which in- 
cludes ethylene copolymers with enhanced fire resis- 
tant properties appears in European Patent Applica- 
tion 0 248,404 which was filed June 2, 1 987 and which 
is incorporated by reference hereinto. The composi- 
tion includes an ethylene copolymer, a mixture of alu- 
minum trihydrate and calcium carbonate or calcium- 
magnesium carbonate or both and a phosphate ester. 
Optimally, the composition may include a borosflicate 
glass. The phosphate ester increases the flexibility of 
the composition. As the materia) decompresses or 
burns, the aluminum and calcium constituents form a 
ceramic ash that has a cell structure. As the ash 
builds up, the ash becomes a thermal insulator. The 
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borosilicate glass acts to harden the ash at lower tem- 
peratures than those that normally activate the Ca- 
Al complex. 

One of the problems in providing a superior flame 
retardant communications cable is that of meeting s 
properties which run counter to each other. A desired 
property for an insulation material is a relatively low 
dielectric constant This becomes important in today's 
world in which higher transmission frequencies and 
bit rates are demanded by customers. However, insu- 10 
lating materials of the prior art, such as polyethylene, 
for example, which exhibit a relatively low dielectric 
constant, do not have suitable resistance to flame 
spread and smoke evolution. 

A conventional solution to the use of organic res- is 
ins which are desirable from the standpoint of electri- 
cal properties is to include additives which delay es- 
tablishment of a fire. Such a solution has limitations. 
Flame retardant additives only delay the onset of a 
fire and lose t heir effectiveness once t he temperature 20 
exceeds a critical threshold. Also, the use of haJogen- 
ated and phosphorous flame retardants may cause 
evolution of smoke which includes corrosive gases. 
Further, the addition of low molecular weight halo- 
genated or phosphorous constituents may lead to a 25 
plasticizing effect on the mechanical behavior of the 
resultant material. Mineral fillers added to provide 
flame retardancy may compromise the mechanical 
properties of the resultant material and most certainly 
will compromise the electrical properties. Typically, 30 
the better the fire resistance of typically used plastic 
cable materials, the higher the dielectric constant be- 
cause of the required inclusion of additive systems. 
Presently, there appears to be no widely accepted 
way in which to use polyolefin insulation with a low 35 
percent of additives in a high fire environment 

Although inexpensive halogenated plastic mate- 
rials are fire retardant, they do not have the dielectric 
properties which are desired. For example, polyvinyl 
chloride (PVC) materials may be used for plenum 40 
cables, but they have a relatively high dielectric con- 
stant 

An additional desired property of both insulating 
and jacketing compositions is the absence of intrinsic 
or added halogens which may be based upon the de- 45 
sire to reduce corrosive combustion gases. For exam- 
ple, in optical fiber cables, the concern shifts away 
from the dielectric constant to corrosivity. In such 
cables, inasmuch as the dielectric constant is not of 
concern, non- halogenated materials may be sought 50 
after to avoid the problem of corrosivity. 

What is desired and what seemingly is not provid- 
ed in the prior art is a cable in which transmission me- 
dia are covered with a plastic material dictated by 
electrical or other properties such as, for example, 55 
one which exhibits a desrabty low dielectric constant 
and which cable also exhibits suitable resistance to 
flame spread and smoke generation. The sought after 



cable desirably is reasonable in cost and relatively 
easy to process. 

Summary of the Invention 

The foregoing problems of the prior art have been 
overcome by the cable of this invention as set forth 
in the claims. 

Brief Description of the Drawing 

FIG. 1 is an end view of a cable which is struc- 
tured in accordance with this invention and which 
has superior flame and smoke retards nee prop- 
erties; 

FIG. 2 is an elevational view of a portion of a 

building to show an environment in which the 

cable of this invention may be used. 

FIG. 3 is an end view of a cable of this invention; 

and 

FIG. 4 Is an end view of a preferred embodiment 
of the invention; and 

FIG. 5 is an end view of another embodiment of 
the invention. 

Detailed Description 

Referring now to FIG. 1, there is shown a cable 
which is designated generally by the numeral 20. The 
cable may be used on a customer's premises such as 
for example in a plenum 21 (see FIG. 2) of a building. 
Also, the cable 20 may be used in a building riser (not 
shown). Further, the cable could be used in less strin- 
gent fire categories as designated by the NEC. 

As is seen in FIG. 1, the cable 20 includes a core 
22 which comprises one or more transmission media 
such as one or more pairs 24-24 of insulated metallic 
conductors 26-26 or optical fibers (not shown). Over 
the core 22 is disposed a jacket 29 which is made of 
a plastic fire resistant material. 

Each of the insulated metallic conductors com- 
prises a longitudinally extending metallic conductor 
32 and an insulative cover 34. Desirably, the insula- 
tive cover 34 is made of a material such as polyethy- 
lene, for example, which has a relatively low dielectric 
constant, & An acceptable material for use as the in- 
sulation cover is polyethylene or copolymers thereof. 
Application for optical fiber cables may also include 
buffer materials with particularly desirable mechani- 
cal properties such as, for example, engineering ther- 
moplastics. 

As is well known, polyethylene does not have ac- 
ceptable fire retardant properties. An obvious solution 
to the dilemma of providing an acceptable dielectric 
constant in addition to flame retardant properties 
would be to compromise on one or both properties. 
Cables of this invention compromise neither desired 
property. 
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The cable of this invention overcomes the prob- 
lem of competing properties by causing the cable to 
include a barrier which is disposed between a fire 
source and the plastic insulation. The barrier of the 
embodiment in FIG. 1 is included in the jacket 29. 

The barrier of this invention includes an organic 
base resin and an additive system. The base resin 
may comprise a polymer material, a polyvinyl chloride 
(PVC) or a rubber. The polymer material may be an 
organic polymer such as polyethylene or a copolymer 
of ethylene with one or more comonomers selected 
from the group consisting of propylene, butylene, 
pentene, hexene, Cj to C 6 alkyl acrylates or alkyi me- 
thacrylates, acrylic acid, methacrylic acid and vinyl 
acetate. 

The additive system includes at least a first inor- 
ganic oxide constituent having a relatively low melting 
point and a second inorganic oxide devitrif ying con- 
stituent having a relatively high melting point The low 
temperature melting first inorganic oxide constituent 
of the additive system begins to melt at a much lower 
temperature, i.e., about 350 ° C to 450 ° C, than typ- 
ical glasses. See British patent GB 2220208 which is 
incorporated by reference hereinto. The inorganic ox- 
ide constituents may be referred to as frits. In a pre- 
ferred embodiment, the composition of this invention 
includes an additive system which comprises a blend 
of vitreous and ceramic materials. 

Glasses which may be used as the low melting 
first inorganic oxide constituent of the additive system 
include phosphate glasses such as inorganic oxide 
glasses having the following mole percent composi- 
tion: 1 2 to 3.5% BjO,, 50 to 75% P2O5, 0 to 30% PbO 
and 0 to 5% of at least one oxide selected from the 
oxides of Cu, Ag, Au, Sc, Y, La, Ti, Zr, Hf, V, Nb, Ta, 
Cr, Mo, W, Mn, Tc, Re, Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, 
Pt, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, Lu, Th, Pd, and U, and which glass includes at 
least one oxide selected from alkali metal oxides and 
at least one oxide selected from alkaline earth metal 
oxides and zinc oxides. Preferred lead oxide contain- 
ing glasses are made when the lead oxide ranges 
from 10 to 30 mole percent and the P 2 0 6 in the com- 
position ranges from 50 to 58 mole percent See U.S. 
patent 4,079,022 which is incorporated by reference 
hereinto. 

The higher melting point, second inorganic oxide 
constituent is a devrtrifying frit that crystallizes, that 
is, passes from a glassy to a crystalline state, at a 
temperature between about 650 0 C and 1 000 0 C and 
forms the crusty layer which seals off the inner por- 
tion of the cable. Desirably, the second inorganic ox- 
ide constituent remains hard up to a temperature of 
about 1100 0 C. The second inorganic oxide constitu- 
ent may be a chopped ceramic fiber and/or basalt fib- 
er. A preferred ceramic fiber is polycrystalline mullite 
fiber (AljOySiOz). See British patent GB 2220208. 

A commercially available material which is a 



blend of vitreous and ceramic materials is one which 
is known as Ceepree fire barrier f flier and which is 
marketed by ICI. Such a material is described in a pa- 
per authored by A. S. Piers and entitled "Enhanced 
5 Performance of Composite Materials Under Fire Con- 
ditions' presented at Polymers in a Marine Environ- 
ment conference in London on October 23-24, 1991. 
Such a materia] is described also in a paper presented 
in Vol. 11 of Proceedings of the Second Conference 
10 on Recent Advances in Flame Retardancy of Poly- 
meric Materials held on May 14-16, 1991, and edited 
by M. Levin and G. S. Kirshenbaum, copyright 1991 
by Buruss Communications Co., Inc. Also, it is dis- 
closed in a brochure distributed by ICI Soda Ash Prod- 
is ucts dated May, 1990, which documented a presen- 
tation given in London, England on January 17-18, 
1990. 

The additive system also may include other con- 
stituents. For example, included may be a hydrated 

20 constituent or hydroxide or carbonate of a di-or biva- 
lent metal. This constituent releases water vapor or 
carbon dioxide endot her mica] ly during decomposi- 
tion which serves to retard the spread of fire by cool- 
ing the substrate and diluting combustible gases. Also 

25 included may be an additive such as an inorganic 
phosphate or an organic phosphate that is used to en- 
hance char formation. The phosphate may intu- 
mesce, that is, cause swelling, with charring due to 
the inclusion of a blowing agent Other constituents 

30 which may be included are zinc borate which both re- 
leases water vapor and acts as an additional barrier- 
forming encapsulant while reducing smoke evolution, 
mica which provides a heat barrier and transition met- 
al complexes which provide fire retardant synergism 

35 with the hydrated metal compositions. These other 
constituents of the additive system decompose when 
subjected to intense heat and high temperatures to 
provide a rigid foam of ceramic ash, for example, 
which is composed of a mass of cells. The cells help 

40 to provide a barrier against heat transfer. 

Also, as mentioned hereinbefore, the glass fila- 
ments or particulates in cables of this invention begin 
to melt when exposed to a temperature in the range 
of about 350 0 C. This is a variation from typical glass 

45 formulations which melt in the range of 1500 0 C. Fur- 
ther, the glass filaments do not remelt under normal 
fire temperatures. 

This melting causes a flow of the vitreous mate- 
rial about the burning base resin. The burning resin 

50 or portions thereof which have not yet decomposed 
are encapsulated. As a result of such encapsulation, 
access of the core to oxygen is inhibited which inhibits 
carbonaceous decomposition products from being 
emitted as smoke. Avery stable char structure is pro- 

55 vided and the smoke yield is reduced. The first inor- 
ganic oxide constituent encapsulates and fuses with 
combustible material, char, reinforcing fibers and any 
fillers. 
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Also, as mentioned hereinbefore, at higher tem- 
peratures of about 650 ° C and beyond, the higher 
melting point second inorganic oxide constituent de- 
vitrifies, that is, it passes from a glassy to a crystalline 
state. As a result, the viscosity of the additive increas- s 
es and the composition cures into a solid form. As the 
second frit hardens, it holds together char from the or- 
ganic base resin. The result is a hard, protective bar- 
rier layer. The crusty layer prevents the passage of 
smoke, toxic fumes and flames. As a result, flame 10 
spread and smoke evolution are inhibited. The barrier 
layer thus encapsulates and fuses with combustible 
material, char, reinforcing fibers and any f Olers. The 
resulting crystalline structure provides thermal pro- 
tection up to a temperature of about 1100 ° C. 15 

Hie blend of vitreous and ceramic materials does 
not delay ignition but in cooperation with the base res- 
in resists penetration of heat energy while maintaining 
the circuit integrity of the cable. The delay of ignition 
may be accomplished by the inclusion of the afore- 20 
mentioned charring and hydrated additives. 

A glass-ceramic mixture may be embodied in the 
cable 20 in any of several other ways. For example, 
the mixture may be included in a tape in which glass 
filaments or particulates are impregnated with an ad- 25 
hes'rve material to hold the glass together. In the al- 
ternative, the glass filaments or particulates may be 
coextruded with another plastic material which is 
used in the cable. For example, in an optical fiber 
cable, the glass could be coextruded with the core 30 
tube which comprises a tubular plastic member which 
enclose the core of optical fibers. 

Other embodiments include those shown in FIG. 
3, 4 and 5. In FIG. 3, there is shown an embodiment 
of the cable of this invention which is designated gen- 35 
erally by the numeral 40. The cable 40 includes a core 
42 which includes a plurality of pairs of insulated con- 
ductors 26-26, each of which includes a metallic con- 
ductor 32 and an insulation cover 34. The core 42 is 
enclosed in a tape 44 which has been wound helically 40 
or longitudinally (not shown) about the core to form a 
longitudinal overlapped seam 46. Enclosing the tape 
44 is a Jacket 48 which comprises a plastie material 
such as fire retardant polyethylene or copolymers 
thereof or polyvinyl chloride. Of course, a cable of this 45 
invention may include optical fibers (not shown) with 
or without metallic conductors. 

The tape 44 provides a barrier layer to prevent 
the passage of combustible gases and smoke. The 
tape 44 comprises a base resin such as thermoplastic 50 
polyethylene or copolymers thereof, polyvinyl chlor- 
ide or typical cured systems such as epoxy and an ad- 
ditive system. Included in the additive system is a low 
melting point frit such as the previously described 
glasses which begin to melt at about 350 0 C and a 55 
higher melting point devftrifying frit which crystallizes 
and provides a crusty layer. 

Another embodiment of the cable of this inven- 



tion is shown in FIG. 4. A cable designated generally 
by the numeral 50 includes a core 52 comprising one 
or more pairs 24-24 of insulated metallic conductors 
26-26 or optical fibers (not shown). Over the core is 
disposed a jacket 54 which is made of a plastic mate- 
rial such as polyethylene or copolymers thereof, poly- 
vinyl chloride or EPDM rubber, for example. Disposed 
about the plastic jacket 54 is a layer 56 which is des- 
tined upon exposure to temperatures of at least 350 
0 C to form a barrier layer. The layer 56 may be ap- 
plied as a coating or it may be coextruded along with 
the jacket 54. For particular applications, a cable 60 
(see FIG. 5) which includes a core 62 and a jacket 64 
may include a coextruded barrier layer 66 in engage- 
ment with an inner surface of the jacket 

Forthe embodiment of FIG. 1, the jacket compris- 
es about 10 to 50% by weight of a polymeric base ma- 
teria], about 5 to 60% of an additive system exclusive 
of the inorganic oxide constituents and about 5 to 
40% of the inorganic oxide constituents. Should the 
tape of FIG. 3 be used, the tape includes about 1 to 
30% by weight of a polymeric base material, about 5 
to 60% of additives and about 5 to 50% of the inorgan- 
ic oxide constituents. When a coating or a coextruded 
layer such as is shown in FIG. 4 or FIG. 5 is used, the 
weight percent of each constituent will depend on 
properties of the cable such as, for example, the 
mechanical properties which are desired. A typical 
composition for the coextruded barrier layer includes 
about 10 to 50% of a polymeric base material, about 
5 to 70% of an additive system exclusive of the inor- 
ganic oxide constituents and about 5 to 60% of the in- 
organic oxide constituents. 

The barrier system of this invention permits the 
use in the core of cable materials which have very fa- 
vorable dielectric properties and which are relatively 
inexpensive but which are not as flame retardant as 
desired such as, for example, in TEFLON plastic. Ad- 
vantageously, with the barrier system of this inven- 
tion, favorable dielectric materials may be used in the 
core and the jacket or tape or coextruded jacket pro- 
vides a barrier to seal off the core and prevent flame 
spread and smoke convolution. Of course, if a coex- 
truded layer or coating on the jacket is used, the en- 
tire underlying cable including the jacket is sealed. 

Advantageously, the function of the barrier layer 
of the cable of this invention is dissimilar to that of 
flame retardant additives. It does not always delay ig- 
nition, but what it does do is to cause the host mate- 
rial, Le. the polymer material, to be able to reset the 
penetration of fire and release of associated smoke 
and combustibles while moderating any loss of integ- 
rity and associated mechanical properties. 



Claims 

1. Afire retardant communications cable, said cable 
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comprising a core which comprises at least one 
transmission media; and characterized by 

fire retardant means which includes a ma- 
terial which comprises a mixture of a first inorgan- 
ic oxide constituent which is characterized by 5 
melting when exposed to temperatures of at least 
about 350 ° C and a second inorganic oxide con- 
stituent which begins to crystallize at about 650 ° 
C and an organic base resin, said fire retardant 
means being effective when said cable is ex- 10 
posed to temperatures in the range of about 350 
° C to 1000 ° C to form a crusty layer which insu- 
lates said core from heat energy and minimizes 
the evolution of combustible gases and smoke. 

15 

2. The cable of claim 1 , which also includes an outer 
jacket wherein said outer jacket includes an or- 
ganic plastic resin matrix in which are dispersed 
said first and said second inorganic oxide constit- 
uents. 20 



means. 

9. The cable of claim 8, wherein said outer jacket is 
comprised of a plastic material which is selected 
form the group consisting of polyethylene, copo- 
lymers of polyethylene, polyvinyl chloride and 
EPDM rubber. 

10. The cable of claim 1, which also includes an outer 
jacket and a barrier layer which is contiguous with 
said outer jacket, said barrier layer including said 
fire retardant means. 



3. The cable of claim 2, wherein said plastic resin of 
said outer jacket is selected from the group con- 
sisting of polyvinyl chloride, polyolef in, pdyur- 
ethane and copolymers thereof. 25 



4. The cable of claim 3, wherein said polyolef in is 
selected from the group consisting of polyethy- 
lene and polypropylene. 

30 

5. The cable of claim 3, wherein said copolymers in- 
clude comonomers selected from the group corn 
sisting of propylene, butylene, pentene, hexene, 
C, to Ce alkyi acryiates or alkyl methacrylates, 
acrylic acid, methacrylic acid and vinyl acetate. 35 



6. The cable of claim 1, wherein said fire-retard ant 
means includes additional additives which are se- 
lected from the group consisting of a hydrated 
metal constituent, hydroxide or carbonate of a di- 40 
or bivalent metal, inorganic phosphates, organic 
phosphates, zinc borate, mica and transition met- 
al complexes. 

7. The cable of claim 1 , wherein said first inorganic 45 
constituent comprises about 1 .2 to 3.5% of B2O3, 
50% to 72% of PzOs, 0 to 30% of PbO, and 0 to 

5% of at least one oxide selected from the group 
consisting of oxides of Cu, Ag, Au, Sc, Y, La, 71, 
Zr, Hf, V, Nb, Ta, Cr, Mo, W. Mn, Tc, Re, Fe, Co, 50 
Ni, Ru, Rh, Pd, Os, Ir, Pt, Ce, Pr, Nd, Pm, Sm, Eu, 
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Th, Pd, and U. 

8. The cable of claim 1 , wherein said cable includes 

an outer jacket which comprises a plastic material 55 
and a longitudinally extending tape which has 
been wrapped about said core, said longitudinally 
extending tape including said fre-retardant 
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